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ABSTRACT 
 
To meet the rising food demands of communities in Accra, Ghana, urban agriculture has been 
popularized as a way to increase food security and improve nutrition (Donovan et al. 2012). 
Urban agriculture is defined as "the cultivation of crops at both the subsistence and commercial 
levels including the keeping of livestock in open spaces in urban areas (Adjaye, n.d.). In Accra, 
urban agriculture covers 1,091 hectares, employs over one thousand people, and supplies 
residents with 90% of its vegetables ("Accra Metropolitan", n.d.). Further, 60% of households in 
Accra participate in backyard farming ("Accra Metropolitan", n.d.). Although urban agriculture 
provides many benefits for communities in Accra, it has been linked to the creation of suitable 
habitats for Anopheles gambiae complex larvae. 
In Accra, a spatio-temporal distribution of An. gambiae complex larvae and larvae 
habitats has not been established. A larval study in two urban agriculture and two non-urban 
agriculture sites was conducted in the months of May, July, August, and September 2014. When 
combined together, 3,807 An. gambiae complex larvae were collected from the urban agriculture 
sites of Korle Bu and Opeibea over the period of the study. When combining the urban non-
agriculture sites of Madina and Ashaiman, 2,484 An. gambiae complex larvae were collected 
over the same period. The results of this study in Accra show that Korle Bu, an urban agriculture 
site, was the most productive site, with 2,604 An. gambiae complex larvae collected for the 
months of May, July, August, and September. July was the most productive month for Korle Bu, 
with 1,653 An. gambiae complex larvae collected. Further investigations of An. gamibae 
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complex larval habitats are necessary to better understand malaria transmission attributes unique 
to Accra, Ghana. 
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CHAPTER ONE: 
 
INTRODUCTION 
Malaria 
Malaria is a preventable and curable mosquito borne disease caused by the Plasmodium 
parasite (Bogitsh et al., 2013). There are four species of Plasmodium that cause disease in 
humans (Bogitsh et al., 2013). These species include: P.vivax, P.falciparum, P.ovale, and 
P.malariae (Bogitsh et al., 2013). Plasmodium falciparum is the most pathogenic species, and 
accounts for the majority of malaria deaths worldwide (Giles et al., 2002). Plasmodium 
transmission can occur in a range of geographical areas. Transmission has been documented as 
north as 64° latitude and as far south as 32° latitude (Giles et al., 2002). Additionally, 
transmission has been observed 400 meters below sea level in the Dead Sea and 2,800 meters 
above sea level in Cocha-Mbamba, Boliva (Giles et al., 2002). P.falciparum is found in tropic/ 
sub-tropic areas and is the predominate species found throughout sub-Saharan Africa (Giles et 
al., 2002). P.malariae and P.ovale are also found in tropic and subtropical areas, but are less 
commonly found worldwide (Giles et al., 2002).The species P.vivax has a wide geographical 
range and is found in Asia and Latin America (Giles et al., 2002).  
The Plasmodium parasite requires two hosts (a definitive and an intermediate) for a 
complete life cycle (Service, 2012). The definitive host for the Plasmodium parasite is the female 
Anopheles mosquito and the intermediate host is the human (Giles et al., 2002). After receiving a 
bite from a Plasmodium positive female Anopheles mosquito, the infective form of the parasite, 
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the sporozoite, infects liver cells, also known as hepatocytes (CDC, 2012a). Inside the 
hepatocytes, the sporozoites mature into schizonts (Bogitsh et al., 2013). The newly developed 
schizonts rupture liver cells and merozoites are released and into the blood stream (CDC, 2012a). 
The merozoites target and infect red blood cells also known as erythrocytes (Bogitsh et al., 
2013). Once inside the erythrocytes, the merozoites develops into either male microgametocytes 
or female macrogametocytes (CDC, 2012a). The macro/micro gametocyte stage of the parasite 
are ingested by a female Anopheles mosquito during a blood meal (CDC, 2012a). In the 
mosquito’s gut, the microgametocytes penetrate the macrogametocytes and form zygotes, which 
mature into ookinetes (Bogitsh et al., 2013). The newly formed ookinetes penetrate the midgut of 
the mosquito and develop into oocysts (Bogitsh et al., 2013). The oocysts replicate and burst 
releasing sporozoites (Bogitsh et al., 2013). The sporozoites travel to the mosquito’s salivary 
glands and await inoculation into a new human host during a blood meal (CDC, 2012a). 
Malaria is diagnosed either through the use of a RDT (rapid diagnostic test) or by 
viewing Plasmodium parasites in blood using microscopy (Goddard, 2008). In most malaria 
cases, the incubation period ranges from 7-30 days and is dependent upon the infecting 
Plasmodium strain (CDC, 2010). A shorter incubation period is often observed with P. 
falciparum and a much long period with P. malariae (CDC, 2010).  After a positive diagnosis of 
malaria has been made, the case is categorized as either uncomplicated or complicated (Giles et 
al., 2002).  The intensity of a malaria infection varies between the strains of Plasmodium and the 
geographical origin of the parasite (Giles et al., 2002). In uncomplicated cases, symptoms 
include a hot stage with fever, a cold stage with chills, and a sweating stage (CDC, 2010). With 
P. falciparum, P. vivax, P. ovale, these symptoms are observed every second day and every third 
day with P. malariae (CDC, 2010). The symptoms experienced during an uncomplicated malaria 
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infection are due to the release of merozoites in the blood stream (CDC, 2010). Severe malaria is 
diagnosed when the disease has spread to organs (CDC, 2010). Symptoms of complicated 
malaria include anemia, cerebral malaria, and acute kidney failure (CDC, 2010). Cerebral 
malaria appears after several days of fever and leads to convulsions (Giles et al., 2002).  The 
convulsions lead to a loss of consciousness followed by coma (Giles et al., 2002). Severe anemia 
is diagnosed when a hemoglobin level less than 5 g/dl is observed (Giles et al., 2002).  It is 
important to note that individuals who recover from a previous malaria infection from P. vivax or 
P. ovale may relapse due to hypnozoites, the dormant Plasmodium parasites that reside in the 
liver (CDC, 2010).  
The course of treatment is depends on the species of the Plasmodium, the Plasmodium 
sensitivity to the drug, and drug cost (Giles et al., 2002).  Due to widespread drug resistance, the 
most common treatment for malaria is now artemisinin combination therapy, also known as ACT 
(Goddard, 2008).  ACT is comprised of different drug combinations such as chloroquine-
sulfadoxine-pyrimethamine or amodiaquine- sulfadoxine-pyrimethamine (Giles et al., 2002). 
Current malaria control efforts include the use of long lasting insecticidal bed nets 
(LLIN’s), indoor residual spraying (IRS), and larval control strategies such as BTI (Goddard, 
2008). Travelers visiting areas of ongoing malaria transmission are recommended to take 
prophylactic drugs such as Malarone (Atovaquone-proguanil) and Doxycycline to prevent 
infection (Giles et al., 2002). Despite these control efforts, over half of the world’s population 
lives in areas of malaria transmission (WHO, 2014). Further, in 2012, the World Health 
Organization estimated that over 207 million cases of malaria was recorded and malaria 
contribute to over 627,000 deaths (WHO, 2014). Countries located in the WHO African region 
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accounted for 90% of all recorded malaria deaths (WHO, 2014). This greatly underscores the 
need to develop and implement new strategies for vector surveillance and control. 
The Anopheles Mosquito 
There are 460 species within the genus Anopheles (Family Culicidae), and only 50 are 
capable of transmitting the different strains of Plasmodium (Chaline, 2011). The life cycle of the 
Anopheles mosquito is complete, consisting of an egg, four larvae stages, pupae and adult stage 
(Service, 2012). In general, the life cycle takes one and a half weeks to three weeks (Chaline, 
2011).  The female Anopheles mosquito prefers to lay eggs (oviposit) during evening hours, and 
will lay between 50-200 raft shaped brown eggs on the surface of water that is unpolluted and 
still (Chaline, 2011).  Given favorable temperature and humidity conditions, eggs will hatch into 
first instar larvae within two to three days (Chaline, 2011).  Anopheles larvae remain at the 
water’s surface horizontally due to the lack of a siphon for breathing (Chaline, 2011).  The larvae 
predominantly feed on bacteria, yeasts, protozoans, and algae (Service, 2012).  Anopheles larvae 
are found in a range of permanent and temporary habitats such as freshwater/saltwater marshes, 
rice fields, and hoof prints (Service, 2012). In the pupae stage there is no feeding and this stage 
lasts only two to three days (Chaline, 2011).    
Both sexes of the adult Anopheles mosquito feed on nectar, and it is only the female that 
requires a blood meal after mating for egg development (Chaline, 2011). When seeking a blood 
meal, female Anopheles mosquitos are crepuscular, and are active between dusk and dawn 
(Service, 2012). After taking a human blood meal, the female will rest either inside the home 
(endophilic) or outside the home (exophilic) (Service, 2012).  The preference for feeding indoors 
is known as endophagic and exophagic for outdoors (Service, 2012). Most Anopheles species are 
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not exclusively exophilic,endophilic, exophagic or endophagic, but display a mixture of 
behaviors (Service, 2012). 
Anopheles gambiae, the most dangerous, efficient, and important vector of malaria, 
prefers to take blood meals from human hosts (Chaline, 2011). An. gambiae belongs to a species 
complex that include An. arabiensis, An. melas, An. merus, An. bwabae, and An. 
quadriannulatus (Service, 2012). The Anopheles gambiae complex prefers to feed on humans 
indoors and outdoors between the hours of 23:00 and dawn (Service, 2012).   
Malaria in Ghana 
In Ghana, malaria is the most significant cause morbidity and mortality (“Presidents 
Malaria Initiative”, n.d.). The entire population of Ghana (24.2 million) is at risk for contracting 
malaria (“Presidents Malaria Initiative”, n.d.). Public Health facilities nationwide average 3.5 
million cases annually, with children under 5 accounting for over 900,000 of the cases (“Training 
Manual”, n.d.). Within the capital city of Accra, malaria deaths have fluctuated greatly. In 2012, 
over 700,000 deaths were caused by malaria (Mohammed, 2014). However, in 2013, malaria was 
responsible for over 400,000 deaths (Mohammed, 2014). P. falciparum is the most reported 
parasite strain, accounting for 85-90% of all infections (“Presidents Malaria Initiative”, n.d.). P. 
malariae is found in less than 10% of cases and P. ovale is responsible for .15% of infections 
(“Presidents Malaria Initiative”, n.d.). 
Malaria is hyperendemic in Ghana and transmission occurs year around (see Figure 1) 
(“Training Manual”, n.d.). Although transmission is constant, peaks are notably observed two to 
three months in the dry season which occurs from November to April (“Presidents Malaria 
Initiative”, n.d.). Geographically, Ghana can be divided into three epidemiological malaria 
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transmission areas: 1) The northern Savannah, 2) The tropical rain forest, 3) Coastal Savannah / 
Mangrove swamps (see Figure 2) (“Presidents Malaria Initiative”, n.d.).   
 
Figure 1: Epidemiological malaria zones of Southern Ghana        Source: ARMA/MARA 
The Anopheles species responsible for malaria in Ghana include An. gambiae and An. 
funestus (“Training Manual”, n.d.). In Ghana, An. gambiae is found in open, clean, sunlit waters 
and An. funestus is found in permanent waters (Opuku et al. 2007).  Other species such as An. 
melas are found in mangrove swamps in the southwest region of the country, and An. arabiensis 
is found in the northern region of Ghana in savanna areas (“Training Manual”, n.d.).   
 
Figure 2: Epidemiological Strata and Anopheles distribution          Source: Training Manual 
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History of Malaria control in Ghana 
The first efforts to control malaria in Accra were established pre-independence by British 
entomologist, Lieutenant C.R. Ribbands in 1942 (Roberts, 2010). Supported by American 
scientists, Lieutenant Ribbands developed an anti-malaria campaign called “The Inter-Allied 
Malaria Control Group” or the IAMCG (Roberts, 2010). The IAMCG utilized pyrethrum and 
DDT in residential areas, lagoons, and wells used for drinking water (Roberts, 2010). In addition 
to these methods, oiling and draining of larvae/pupae habitats was done to reduce the Anopheles 
population (Patterson, 1979). The IAMCG was short-lived, lasting only from 1942-1945 
(Roberts, 2010). 
From the end of the IAMCG in 1945 until 1998, there was an absence of an official 
malaria control strategy in Ghana.  In 1998, Roll Back Malaria (RBM) was created by the World 
Health Organization (WHO), the United Nations Children's Fund (UNICEF), the United Nations 
Development Programme (UNDP), and the World Bank (“The Global Partnership”, n.d.).  The 
aim of Roll Back Malaria was to provide partnerships, recommendations, and guidelines for 
nations to successfully reduce malaria (“The Global Partnership”, n.d.).   Through the RBM 
partnership, a National Malaria Control Progamme (NMCP) was created in Ghana to manage 
and oversee the RBM implementation strategies (“The Global Partnership”, n.d.). The NMCP of 
Ghana is directed by a Public Health Physician and a Deputy Program Manager (“Strategic 
Plan”, n.d.). Further, the NMCP is composed of three program officers, an entomologist, three 
technical officers and a data manager (“Strategic Plan”, n.d.).  
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The current RBM strategy in Ghana includes the use of LLIN’s, indoor residual spraying, 
and intermittent preventative treatment in pregnancy (IPTp) (“Strategic Plan”, n.d.). The use of 
LLIN’s is the preferred method of malaria control in Ghana (Wilmot, 2014). The Global Fund is 
the main provider of LLIN’s in Ghana, and widespread door to door distribution of nets to 
pregnant women and children began in 1998 (Wilmot, 2014).  Current household ownership of at 
least one LLIN is currently at 96%, yet the NMCP has been challenged by community utilization 
(Wilmot, 2014). Due to the success of the door to door distribution campaign in 1998, the NMCP 
has begun a widespread distribution to antenatal centers, child welfare centers, and schools 
(Wilmot, 2014). Indoor residual spraying is utilized in areas with high malaria transmission, it is 
generally not preferred due to cost, logistics, and sustainability (Wilmot, 2014). Intermittent 
preventative treatment in pregnancy was introduced in areas of high malaria transmission in 
2003 (Wilmot, 2014). The first treatment is administered at sixteen weeks and subsequent 
treatment are given at monthly intervals (Wilmot, 2014). The current dosing scheme ends at 
thirty-six weeks, however, beginning in 2015, pregnant women will be able to take treatments 
through delivery (Wilmot, 2014). In addition to treatment, the NMCP has developed antenatal 
meetings to ensure treatment compliance (Wilmot, 2014). 
Larval control strategies and environmental management to reduce Anopheles 
populations in Ghana is very limited. The NMCP strategy for larval control is defined as “few, 
fixed, findable “and not preferred due to cost and logistics (Wilmot, 2014). When larval control 
efforts are considered, they are carried out by a private Cuban organization called “Labio-Pham” 
(Wilmot, 2014). However, in April 2014, The Economic Community of West African States 
(ECOWAS), announcement a new larviciding project in Ghana, with collaboration and donations 
from the governments of Cuba and Venezuela (Wilmot, 2014). 
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Urban Agriculture and Malaria in Accra 
According to the 2010 Census, over 50% of Ghana’s total population lives in urban areas 
(“Presidents Malaria Initiative”, n.d.). The percentage of Ghanaians living in urban areas is 
projected to grow to 63% by 2025 (“Ghana Urban Malaria Study”, n.d.). To meet the rising food 
demands of urban communities, urban agriculture has been popularized as a way to increase food 
security and improve nutrition (Donovan et al. 2012). Urban agriculture is defined as “the 
cultivation of crops at both the subsistence and commercial levels including the keeping of 
livestock in open spaces in urban areas (Adjaye, n.d.). In Accra, urban agriculture covers 1,091 
hectares, employs over one thousand people, and supplies residents with 90% of its vegetables 
(“Accra Metropolitan”, n.d.). Further, 60% of households in Accra participate in backyard 
farming, covering 50 to 70 hectares of farmland (“Accra Metropolitan”, n.d.). 
In Accra, urban agriculture is categorized into two groups (Obuobie et al., 2003). The 
first group, household gardening, involves small scale farming which occurs in or around a 
residential area. The second group, open space farming, involves farming on larger plots of land 
away from residential areas (Obuobie et al., 2003).  With open space farming, the farmer does 
not seek authorization, has no legal rights to the land, and does not pay a fee for the utilization of 
the plot (Obuobie et al., 2003). In many of the plots used for open spaced farming, the plot is 
owned by either the national government, municipal authorities, or privately owned (Obuobie et 
al., 2003).  To gain plots for urban agriculture, prospective farmers get either formal or informal 
access agreement (Obuobie et al., 2003). In a formal land access agreement, the prospective plot 
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is often restricted to non-agriculture uses (Obuobie et al., 2003). Further, Formal access 
agreements are difficult to acquire do to ownership of a local chief who usually sell plots for real 
estate purposes (Obuobie et al., 2003). The challenges of gaining formal access to plots of land 
that can be used for cultivation in Accra has led many farmers to enter informal land access 
agreements (Obuobie et al., 2003). Informal land access agreements are the most popular type of 
land access agreement for urban agriculture in Accra (Obuobie et al., 2003). In an informal land 
access agreement, the plot is leased for short term use and controlled by a government agency 
such as The Accra Metropolitan Assembly (AMA) (Obuobie et al., 2003). It is important to note 
that in an informal land access agreement, the government agency has the right to terminate the 
agreement at any time and the farmer must cease all activities (Obuobie et al., 2003).    
The crops grown in urban agricultures sites are very diverse and include: maize, 
tomatoes, okra, ground nut, lettuce, cabbage, cucumber, spring onion, cauliflower and green 
pepper (“Accra Metropolitan”, n.d.). Urban agriculture sites within Accra are rely either on 
rainfall or man-made irrigation systems (Afrane et al., 2004). To provide vegetables and produce 
year around, many of urban agriculture farmers choose to irrigate plots through different means 
(Afrane et al., 2004).  These irrigation methods include: utilization of drain water, diverting 
streams/rivers, pipe water, and hand dug wells (“Accra Metropolitan”, n.d.).  
Despite the economic and nutritional benefits offered by urban agriculture in Accra, the 
practice has been linked to the creation of suitable habitats for Anopheles larvae (Kudom et al., 
2011). The relationship between urban agriculture in Ghana and malaria transmission has been 
well documented. In 2006, in the capital city of Accra, communities residing near urban 
agriculture sites had a higher prevalence (16.3%) than communities residing away from urban 
agriculture sites (11.2%) (Klikenburg et al., 2006). Moreover, high entomological inoculation 
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rates (EIR) and man biting rates (MBR) were notably higher in urban agriculture communities 
than urban non agriculture communities (Klikenburg et al., 2008). In addition to this, high 
numbers of parasiteima levels and self-reported malaria cases have been linked to living within 
one kilometer of an urban agriculture area (Stoler et al., 2009).  
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CHAPTER TWO: 
 
MATERIALS AND METHODS 
 
Purpose of Study 
  This study aims to geo-spatiotemporally quantitate Anopheles gambiae complex larvae in 
two urban agriculture and two urban non-agriculture sites in Accra, Ghana by using remote 
sensing information and ecological field-sampled data. In addition, this study seeks to produce 
and establish statistically significant outputs of geo-referenced larval habitat based covariates by 
using seasonal field datasets.  
Justification of Study 
The absence of geo-referenced Anopheles gambiae complex larval habitat data and a 
larval sampling methodology in Ghana greatly hampers the progress in understanding important 
malaria transmission attributes in urban/urban non-agriculture sites within the country.  
Research Questions 
 
1) Are larval habitats located within urban agriculture environments more prolific than 
habitats in urban non-agriculture environments in Accra, Ghana? 
2) What are the statistically significant geo-referenced larval habitat based covariates that 
regulate the abundance of Anopheles gambiae complex mosquitos in Accra, Ghana 
during the dry season month of May and wet season months of July-September? 
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Hypothesis 
 
There is a greater preponderance of Anopheles gambiae complex larvae in urban agriculture 
(UA) environments than urban non agriculture (UNA) environments in Accra, Ghana. 
Study Area 
This study was conducted in Accra, Ghana, during the dry season month of May and the 
wet season months of July-September 2014. Geographically, Ghana is located between 5 and 11 
degrees north latitude (“Strategic Plan”, n.d.). Northern Ghana in composed of savannahs, with a 
distinct dry season from September to November and a rainy season from March to April 
(“Strategic Plan”, n.d.). The southern areas of the country are composed of forests and 
experience a dry season during the harmattan from December to February (“Strategic Plan”, 
n.d.). The rainy season in the southern part of the country usually occurs from June to August 
(short rains) and from September to November (long rains) (“Strategic Plan”, n.d.). The annual 
temperate ranges between 76 to 84 degrees Fahrenheit, with an average humidity of 100% in the 
southern region of the country and 65% in the north (“Strategic Plan”, n.d.). During harmattan 
season (December to February) humidity can drop as low to 12% (“Strategic Plan”, n.d.). 
 Ghana shares borders with Burkina Faso in the North, Togo in the East, and Ivory Coast 
in the West (“Strategic Plan”, n.d.). Ghana is divided into 10 regions and 171 districts (see 
Figure 7) (“Strategic Plan”, n.d.). Accra is located within the Greater Accra Region of Ghana. 
The Greater Accra Region has a total population of 4,010,054 (“Population”, 2010). Two urban 
agriculture sites (Korle Bu and Opeibea) in were selected in addition to two urban non-
agriculture sites (Ashaiman and Madina).  The urban agriculture sites of Opeibea and Korle Bu 
are located within the Accra Metropolis District which has a population of 1,848,614 
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(“Population”, 2010). The Korle Bu agricultural site is located in the Southwest of Accra. The 
Korle Bu agricultural site is located at 5°32'19.19"N and 0°14'8.82"W between the Korle Bu 
Teaching Hospital and the Korle Bu Teaching Hospital dormitories (see Figure 3).  
  
Figure 3: Korle Bu Agricultural Area  Source: GoogleEarth 
The Opeibea agricultural site is found in the Airport Residential Area at located at 5°35'46.70"N 
and 0°11'5.29"W (see Figure 4).    
 
Figure 4: Opeibea Agricultural Area   Source: GoogleEarth 
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The urban non-agriculture area of Madina is located in Southeast Accra, within the Ga East 
Municipal district and has a population 259,668 (“Population”, 2010). The approximate location 
of the Madina site is 5°40'35.13"N and 0°10'54.96"W (See Figure 5). 
 
Figure 5: Madina Non-Agricultural Area   Source: GoogleEarth 
 
Ashaiman, the second urban non-agriculture site is located within the Tema Municipal district 
and has a population of 190,972. The approximate location of the Ashaiman site is 5°41'37.73"N 
and 0° 0'49.19"W (see Figure 6). 
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Figure 6: Ashaiman Non-Agricultural Area   Source: GoogleEarth 
Figure 7: Regions of Ghana - Source: Wikipedia     Figure 8: Accra Metropolis District Source: New World  
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                  Figure 9: Polygon of Accra with study sites     Source: GoogleEarth 
Larval Habitat Sampling 
Larval habitats were mapped using a differentially corrected global positions system 
(Garmin E-Trex GPS). A standard 200 ml dipper was used to collect larvae and after 5 dips per 
habitat, larvae were placed in Whirl-packs and transported to Noguchi Memorial Institute for 
Medical Research (NMIMR) Department of Parasitology for processing. Anopheles larvae were 
separated from Culicine larvae and identified morphologically to the genus level as described by 
Gillies and Coetzee (1987). Larvae were then separated into groups of 1st-2nd instars and 3rds-4th 
and counted. 
Habitat Survey Variables 
Geo referenced larval habitats covariates were collected and measured at the field level.  
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Table 1: Model variables and descriptions 
Covariate Description Units 
LARVCO Total larvae count Number collected 
SHADE Amount of shade cover 
observed over larval habitat 
Percentage 
HOUSE Distance to the nearest human 
dwelling from the larval 
habitat 
Kilometers 
VEG Amount of vegetation 
observed inside the larval 
habitat 
Percentage 
SIZE Total size of larval habitat Inches 
POLLU Amount of pollution observed 
inside the larval habitat 
Percentage 
 
All covariates except HOUSE were recorded and measured at the field level. The covariate 
HOUSE was measured using Google Earth for accuracy. The larval habitat type was categorized 
as either POOL, BOOT, TANK, DITCH, TIRE, GUTTER, HOOF, TRENCH. Additionally, the 
variable DEV was created to characterize land study sites locations as either urban agriculture or 
urban non-agriculture. 
Statistical Analysis 
Field geo-referenced larval habitat covariates were statistically analyzed using SAS 9.1.3. 
A Poisson regression was selected due to the utilization of count data in the model. In case of 
over dispersion a negative binominal model will be used. The Poisson model will determine 
which geo-referenced covariates are the most important for determining larval count for the 
months of May, July, August, and September. All the covariates used in the models were tested 
for collinearity by using the Pearson product-moment correlation test.  
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Spatial Analysis 
Landsat 8 Operational Land Image (OLI) data was retrieved from the United States 
Geological Survey website and processed using ArcMap10.1. Landsat 8 OLI/TIRS images are 
composed of nine spectral bands, with bands 1-7 and 9 having a spatial resolution of 30 meters 
(“Landsat”, 2014). Band 8, (panchromatic) has a resolution of 15 meters (“Landsat”, 2014). The 
size of the Landsat 8 OLI/TIRS scene measure approximately 170 km north to south and 183 km 
east to west (“Landsat”, 2014). 
 
Figure 10: Description of Landsat Bands 
An NDVI (Normalized Difference Vegetation Index) was generated in ArcMap10.1 by 
using Landsat 8 Operational Land Image (OLI) data. The NDVI to measure vegetation 
productivity in the UA and UNA environments. In addition to the NDVI, Landsat 8 OLI/TIRS 
images were used to construct a supervised land use land cover (LULC) and a digital elevation 
model (DEM) using ArcMap 10.1.  To spatially analyze potential malaria transmission areas, 
raster data of Accra, Ghana was retrieved from the ArcGIS online library to create 1-kilometer 
buffers around each study at Korle Bu, Madina, Ashaiman and Opeibea. 
 Larval Sampling 
For the months of May, July, August and September
complex larvae were collected from 
site Korle Bu (KB) had the highest number
the urban non agriculture site Madina 
larvae overall (1,185). 
Figure 11: An. gambiae complex larval c
Note: KB= Korle Bu , MA= Madina , OP = Opeibea , AS= Ashaiman , UA= Urban agriculture , UNA= Urban non
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An. gambiae complex larvae were collected 
. Opeibea (OP), an urban agriculture site, had the highest 
), an urban non-agriculture site, had the lowest number of 
 larval count across all sites for May 2014 
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Figure 13: An. gambiae complex larval habitat types for 
  For the month of May, the mean 
Ashaiman, Opeibea and Madina 
in Korle Bu, Ashaiman, Opeibea, and Madina to the nearest human dwelling was 
kilometers. The mean percentage of shade observed inside all sampled larval habitats in Korle 
Bu, Ashaiman, Opeibea, and Madina was 5%.  The mean percentage of vegetation observed 
inside all sampled larval habitats in Korle Bu, Ashaiman, Opeibea, and Madina was 7.91%.
average size of larval habitats from Korle Bu, Ashaiman, Opeibea, and Madina was 71.12 
inches. The mean percentage of pollution observed inside all sampled larval habitats in Korle Bu, 
Ashaiman, Opeibea, and Madina was 6.25%.
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Table 2: Variable means for May 2014
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LARVCO 
HOUSE 
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VEG 
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For the month of July, 3,546 An. gambiae
Opeibea, and Madina. Korle Bu (KB
gambiae complex larvae (1,653).
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Description Mean
Total An. gambiae complex 
larvae count 
63.20
Distance to the nearest 
human dwelling from the 
larval habitat 
0.02
Percentage of shade cover 
observed over larval habitat  
5.00
Percentage of vegetation 
observed inside the larval 
habitat 
7.91
Total size of larval habitat 71.12
Amount of pollution 
observed inside the larval 
habitat 
6.25
 complex larvae were collected Korle Bu, Ashaiman, 
), an urban agriculture site had the highest number 
 Opeibea (OP), an urban non-agriculture site had the lowest 
larvae (428). 
 complex larval count across all sites for July 2014
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Note: KB = Korle Bu  MA= Madina OP= Opeibea As= Ashaiman UA= urban agriculture UNA=urban non
In July, the most frequent An. gambiae
The least frequent An. gambiae complex larval habitats were
Tank (1 out of 24 habitats). 
                  Figure 15: An. gambiae
For the month of July, the mean An. gambiae
Opeibea and Madina was 152.70.  The mean distance from all sampled larval habitats in Korle 
Bu, Ashaiman, Opeibea, and Madina to the nearest human dwelling was 
mean percentage of shade observed inside all sampled larval 
Opeibea, and Madina was 4.25%.  The mean percentage of vegetation observed inside all 
sampled larval habitats in Korle Bu, Ashaiman, Opeibea, and Madina was 9.16%. The average 
size of larval habitats from Korle Bu, Ashaiman,
mean percentage of pollution observed inside all sampled larval habitats in Korle Bu, Ashaiman, 
Opeibea, and Madina was 5.29%.
 
 
6
0
2
4
6
8
10
BOOT
An. gambiae 
Habitat Types 
Madina, Ashaiman, and Opeibea
24 
 
 complex larval habitat was Ditch (9 out of 24 habitats
 Hoof (1 out of 24 habitats) and 
 complex larval habitat types for July 2014 
 complex larvae account from Korle
0.03 kilometers. The 
habitats in Korle Bu, Ashaiman, 
 Opeibea, and Madina was 98.76 inches. The 
 
9
2
1
2
1
DITCH GUTTER HOOF POOL TANK TIRE
complex Larval
from Korle Bu, 
July 2014
-agriculture   
). 
 
 Bu, Ashaiman, 
3
 Table 3: Variable means for July 2014
Variable 
LARVCO 
HOUSE 
SHADE 
VEG 
SIZE 
POLLU 
For the month of August, 456
Ashaiman, Opeibea, and Madina. Korle Bu (K
number of An. gambiae complex 
the lowest number of An. gambiae
                           Figure 16: An. gambiae
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Description Mean
Total An. gambiae complex 
larvae count 
152.70
Distance to the nearest 
human dwelling from the 
larval habitat 
0.03
Percentage of shade cover 
observed over larval habitat  
4.25
Percentage of vegetation 
observed inside the larval 
habitat 
9.16
Total size of larval habitat 98.76
Amount of pollution 
observed inside the larval 
habitat 
5.29
 An. gambiae larvae were collected from Korle Bu, 
B), an urban agriculture site had the highest 
larvae (186). Opeibea (OP), an urban non-agriculture site had 
 complex larvae (79). 
 complex larval count across all sites for August 2014
-agriculture
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In August, the most frequent
habitats). The least frequent An. gambiae
habitats), Pond (1 out of 24 habitats), and Trench (1 out of 24 habitats
                                  Figure 17: An. gambiae
For the month of August, the mean 
Ashaiman, Opeibea and Madina was 24.  The mean distance from all sampled larval habitats in 
Korle Bu, Ashaiman, Opeibea, and Madina to the nearest human dwelling was 
The mean percentage of shade observed inside all sampled larval habitats in Korle Bu, 
Ashaiman, Opeibea, and Madina was 3.63%.  The mean percentage of vegetation observed 
inside all sampled larval habitats in Korle Bu, Ashaiman, Opeibea, and Mad
average size of larval habitats from Korle Bu, Ashaiman, Opeibea, and Madina was 17.32 
inches. The mean percentage of pollution observed inside all sampled larval habitats in Korle Bu, 
Ashaiman, Opeibea, and Madina was .63%.
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.03 kilometers. 
Table 4: Variable means for August 2014
VARIABLE 
LARVCO 
HOUSE 
SHADE 
VEG 
SIZE 
POLLU 
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Description MEAN
Total An. gambiae 
complex larvae count 
24
Distance to the nearest 
human dwelling from the 
larval habitat 
0.03
Percentage of shade cover 
observed over larval 
habitat  
3.63
Percentage of vegetation 
observed inside the larval 
habitat 
8.57
Total size of larval habitat 17.32
Amount of pollution 
observed inside the larval 
habitat 
0.63
 An. gambiae larvae were collected from Korle
KB), an urban agriculture site had the highest 
larvae (347). Ashaiman (AS), an urban non agriculture 
 complex larvae (103). 
 complex larval count across all sites for September 2014
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Note: KB = Korle Bu MA= Madina OP= Opeibea As= Ashaiman UA= urban agriculture UNA=urban non
 
In September, the most frequent An.
habitats). The least frequent An. gambiae
habitats) and Trench (1 out of 24 habitats
                        Figure 19: An. gambiae
For the month of September, the mean 
Ashaiman, Opeibea and Madina was 29.66.  The mean distance from all sampled larval habitats 
in Korle Bu, Ashaiman, Opeibea, and Madina to the ne
kilometers. The mean percentage of shade observed inside all sampled larval habitats in Korle 
Bu, Ashaiman, Opeibea, and Madina was 4.37%.  The mean percentage of vegetation observed 
inside all sampled larval habitats in Korle
average size of larval habitats from Korle Bu, Ashaiman, Opeibea, and Madina was 34.44 
inches. The mean percentage of pollution observed inside all sampled larval habitats in Korle Bu, 
Ashaiman, Opeibea, and Madina was 2.16%.
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 Table 5: Variable means for September 2014
Covariate 
LARVCO 
HOUSE 
SHADE 
VEG 
SIZE 
POLLU 
Table 5: Variable means for September 2014
The most productive month for Ma
gambiae complex larvae collected). The least productive month for Madina was August (102 
gambiae complex larvae collected).
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Description Mean
Total An. gambiae complex 
larvae count 
29.66
Distance to the nearest 
human dwelling from the 
larval habitat 
0.03
Percentage of shade cover 
observed over larval habitat  
4.37
Percentage of vegetation 
observed inside the larval 
habitat 
7.70
Total size of larval habitat 34.44
Amount of pollution 
observed inside the larval 
habitat 
2.16
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The most frequent An. gambiae complex larval habitats found in Madina were Pool (7 out of 23 
habitats) and Tire (7 out of 23 habitats). The least common 
found was Hoof (1 out of 23 habitats).
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Statistical Analysis  
There were no covariates that were positively correlated to larval count. Thus, all 
covariates were included in the final model.
binominal model was used.  
In May, distance to the nearest human dwelling
cover observed over larval habitat (SHADE) were statisticall
An. gambiae complex larval productivity.
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Table 6 (Continued) 
VEG 0.0067 0.1822 -0.0032 , 0.0166 
SIZE -0.0007 0.6778 -0.0042 , 0.0027 
POLLU 0.0157 0.1403 -0.0052 , 0.0365 
BOOT 0.4162 0.4385 -0.6368 , 1.4693 
TANK 0.1081 0.7938 -.7023 , .9184 
DITCH 0.9364 0.0943 -0.1604 , 2.0333 
TIRE 0.0703 0.8755 -0.8088 , 0.9493 
DEV -0.6052 0.2793 -1.7017 , 0.4913 
 
For the month of July, all variables except distance to the nearest human dwelling 
(HOUSE), the overall size of the larval habitat (SIZE), and study area type (DEV) were 
statistically significant predictor variables of An. gambiae complex larval productivity. The 
dispersion estimate for this model was 0.2855. 
Table 7: Statistical outputs for July 
Variable Beta coefficient P-value 95% CI 
HOUSE -6.1160 .4877 -23.3882 ,11.1561 
SHADE -0.0865 0.0029 -0.1433 , -0.0296 
VEG 0.0511 0.0105 0.0120 , 0.0902 
SIZE -0.0051 .1604 -0.0122 , 0.0020 
POLLU -0.0475 0.0347 -0.0916 , -0.0034 
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Table 7 (Continued) 
BOOT 5.8224 <.0001 3.5751 , 8.0697 
TANK 5.4766 <.0001 2.9347 , 8.0185 
DITCH 5.5456 0.0002 2.6266 , 8.4584 
TIRE 5.5425 <.0001 2.9802 , 8.1110 
GUTTER 3.6169 0.0082 0.9346 , 6.2992 
POOL 5.3940 0.0005 2.3756 , 8.4125 
DEV -0.1619 .8188 -1.5474 , 1.2235 
For the month of August, the only statically significant predictor variables of An. 
gambiae complex larval productivity was the larval habitat type BOOT. The dispersion estimate 
for this model was 0.2185. 
Table 8: Statistical outputs for August 
Variable Beta coefficient P-value 95% CI 
HOUSE -41.0122 0.0380 -79.7508 , -2.2736 
SHADE 0.0939 0.2524 -0.0669, .2548 
VEG -0.0173 0.5201 -0.0701 , 0.0355 
SIZE -0.0279 0.2338 -0.0739 , 0.0180 
POLLU -0.2602 0.2201 -0.6760 , 0.1557 
BOOT 0.7584 0.03085 -0.7013 , 2.2181 
DITCH 1.6132 0.0216 0.2370 , 2.9893 
GUTTER 0.1775 0.8296 -1.4385 , 1.7935 
DEV 1.687 0.0295 0.2937 , 5.6045 
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For the month of September, overall size of the larval habitat (SIZE) and larval habitat 
type (POOL) were statically significant predictor variables of An. gambiae complex larval 
productivity. The dispersion estimate for this model was 0.1283. 
Table 9: Statistical outputs for August 
Variable Beta coefficient P-value 95% CI 
HOUSE -6.5136 0.2043 -16.5698 , 3.5426 
SHADE 0.0665 0.2310 -0.0423 , 0.1752 
VEG -0.0712 0.1703 -0.1731 , 0.0306 
SIZE -0.0118 0.0140 -0.0211 , -0.0024 
POLLU -0.0325 0.2695 -0.0901 , 0.0252 
BOOT -0.9774 0.1047 -2.1580 , 0.2032 
DITCH -0.7637 0.2604 -2.0938 , 0.5663 
POOL -0.9983 0.0439 -1.9692 , -0.0274 
HOOF -0.5710 0.4314 -1.9933 , 0.8514 
TIRE -0.8784 0.1643 -2.1163 , 0.3594 
TANK -1.2194 0.0592 -2.4860 , 0.0471 
DEV 0.8562 0.0927 0.0608 , 0.2707 
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Spatial Analysis 
 
 
                      Figure 28: Digital Elevation Model of Accra 
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Figure 29: Land Use Land Cover of Accra 
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                 Figure 30: Normalized Difference Vegetation Index 
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                                             Figure 31: 1-Kilometer Buffer around Ashaiman 
 
 
                                            Figure 32: 1-Kilometer Buffer around Opeibea 
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                                            Figure 33: 1-Kilometer Buffer around Madina 
 
 
                                        Figure 34: 1-Kilometer Buffer around Korle Bu 
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CHAPTER FOUR: 
DISCUSSION 
 
 
 
Larval Sampling Analysis  
 
When combined together, 3,807 An. gambiae complex larvae were collected from the 
urban agriculture sites of Korle Bu and Opeibea over the period of the study. When combining 
the urban non-agriculture sites of Madina and Ashaiman, 2,484 An. gambiae complex larvae 
were collected over the same period. The results of this study in Accra show that Korle Bu, an 
urban agriculture site, was the most productive site, with 2,604 An. gambiae complex larvae 
collected for the months of May, July, August, and September. July was the most productive 
month for Korle Bu, with 1,653 An. gambiae complex larvae collected. The least productive 
month for Korle Bu was August, with 186 An. gambiae complex larvae collected. At the Korle 
Bu site, boot prints were the most frequent larval habitat type recorded, accounting for 22 of the 
23 habitats. Previous larval habitat studies conducted in Korle Bu have demonstrated boot prints 
as highly productive habitats for Anopheles mosquitoes (Klikenberg et al., 2008).  
The least productive site across all months was Madina, an urban non-agriculture site, 
with a total of 1,185 An. gambiae complex larvae collected. Similar to Korle Bu, July was the 
most productive month for Madina, with 675 An. gambiae complex larvae collected and the least 
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productive month was August with 102 larvae collected. Unlike Korle Bu, the most frequently 
recorded larval habitat type were pools.  
The larval sampling results show that July was the most productive month for An. 
gambiae complex larvae (3,546 larvae were collected). During the study, July received the least 
amount of rainfall (52.32 millimeters). The most frequent larval habitat recorded during July was 
ditches, and this was observed at both urban agriculture and urban non-agriculture sites. The 
month of August, was the least productive month for An. gambiae complex larvae, with 456 
larvae collected from all sites.  August received the highest amount of rainfall during the study 
(106.17 millimeters). Similar to the month of July, ditches were found to be the most frequently 
observed larval habitat type. 
Statistical Analysis  
 
Although the agriculture sites of Korle Bu and Opeibea had the highest An. gambiae 
complex larvae productivity across all months of the study, urban agriculture was only -----
postive correlated for the month of August (Beta coefficient of 1.867). Since August received the 
highest amount of rainfall during the study, it may be possible to consider a relationship between 
An. gamibae complex larval habitat productivity within urban agriculture sites and months of 
high rainfall.  
In Korle Bu, (the most productive site) larval habitats considered as boot prints were 
found to only be a statistically significant predictor variable for An. gamibae complex larval 
productivity for the months of July and August. In both urban agriculture and urban non-
agriculture sites, pools and ditches were statistically significant An. gamibae larval habitat types 
for the wet season months of July, August, and September.  
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During May, distance to the nearest human dwelling, urban non-agriculture areas, and 
vegetation within the larval habitat were statistically significant predictors of An. gamibae 
productivity. The mean distance to the nearest human dwelling from an An. gamibae complex 
larval habitat was 0.02 kilometers. Similar findings in Ethiopia and Kenya have also showed 
highe levels of An. gamibae complex larval habitat productivity in proximity to human dwellings 
(Mala et al., 2011; Kenea et al., 2011). The mean vegetation observed within the habitat was 
7.91%. The predominate type of vegetation observed inside the An. gambiae complex larval 
habitats was algae. These findings support previous studies that have demonstrated a relationship 
between that the presence of algae and highly productive An. gamibae complex larval habitats 
(Gimnig et al., 2001). It should be noted that there were no statistically significant larval habitat 
types for the month of May.  
In July, the least amount of rainfall was recorded (52.32 millimeters) (Tiempo, 2014). 
Shade observed over the larval habitat, vegetation observed within the habitat, urban non-
agriculture areas, and pollution were statistically significant predictors of An. gambiae complex 
larval productivity. The mean percentage of shade observed over larval habitats for this month 
was 4.25% and the mean percentage of vegetation observed within the larval habitat was 9.16%. 
Although An. gamibae complex generally prefers unpolluted clear sunlit habitats for oviposition, 
many studies have documented the presence of larvae habitats that are shaded and polluted 
(Salem et al., 2013; Awolola et al., 2007). An. gambiae complex larval habitats that were 
statistically significant predictors during this month included: bootprints, septic tanks, ditches, 
tire tracks, gutters, and shallow pools. Similar An. gambiae complex larvae studies conducted in 
and outside Accra have showed a high presence of An. gambiae complex larvae in these types of 
habitats in urban non-agriculture areas (Klinkenburg et al., 2008).  
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In August, the most amount of rainfall was recorded (106.17 millimeters) (Tiempo, 
2014). Distance to the nearest human dwelling, larval habitats in the form of ditches, and urban 
agriculture areas were statistically significant predictors of An. gambiae complex larval 
productivity.  The mean distance to the nearest human dwelling from a An. gamibae complex 
larval habitat was 0.03 kilometers. This distance puts nearby communities at risk for potential 
malaria transmission. A one-kilometer residential proximity from an urban agriculture site has 
been documented to contribute to higher levels of self-reported malaria in Accra (Stoler et al. 
2009).  
For the month of September, the size of the An. gambiae complex larval habitat, the 
habitat type pool, and urban non-agriculture areas were statistically significant predictors of An. 
gambiae complex larval productivity. The mean size of the larval habitat during the month of 
September was 34.44 inches (2.87 feet). An. gambiae complex larval habitats that are pools have 
been noted to be highly productive in urban non-agriculture areas (Klikenberg et al., 2008). 
Spatial Analysis 
From constructing the Digital Elevation Model (DEM) of Accra, it can be concluded that 
the study areas of Korle Bu , Madina, Ashaiman and Opeibea were located in areas of low 
elevation. The supervised Land Use Land Cover (LULC) that was generated further emphasizes 
that Accra can be predominately classified as “urban”. Areas that were classified as “arable land” 
occurred in small random locations throughout the image. The Normalized Difference 
Vegetation Index (NDVI) illustrated a mean vegetation density of 0.23907 for Korle Bu, 
0.166193 for Madina, 0.154565 for Ashaiman, and 0.262736 for Opeibea. These results show 
that the study areas were located in areas of medium vegetation density. The 1-kilometer buffers 
created around each study site location illustrate the close proximity of human populations to An. 
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gamibae complex larval habitats. It is important to note that because of the coarseness of the 
resolution of the Landsat8 data, the study sites were similar with respect to the DEM, NDVI, and 
LULC. Finer resolution data would produce more accurate NDVI values and LULC 
classifications. Since there were limitations with the Landsat8 data, they were not included in 
any of the negative binomial models.  
Further investigations of An. gamibae complex larval habitats are necessary to better 
understand malaria transmission attributes unique to Accra, Ghana. This study showed that urban 
agriculture areas only influenced An. gamibae complex larval productivity in the month of 
August. Moreover, larval habitats that are polluted and shaded were found to be suitable for An. 
gamibae complex larvae. In months of low rainfall, An. gamibae complex larvae are productive 
in habitats with the presence of algae. During months of high rainfall, An. gamibae complex 
larval habitats are most productive in ditches and when they located 0.02 kilometers from human 
dwellings.  
In order to successfully reduce malaria transmission in Accra, the NMCP of Ghana must 
realize the importance of investing in the creation and implementation of an active vector 
surveillance program. This study served as a baseline study for vector surveillance in urban 
agriculture and non-urban agriculture sites in Accra. Similar surveillance studies can be used to 
guide interventions and assist in the reduction of malaria transmission. 
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